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1.  Introduction 

—  The  spacecraft-environment  induced  optical  glow  has  attracted 
wide  attention  since  the  photographs  from  the  ^hirdy  Space  Shuttle 
mission  indicating  that  the  orbiter  glows  in  the  dark  were 
released ;  (Bank  et  al.  1983).  "The  emission  is  a  potential  optical 
contaminant  in  astronomical  and  aeronomical  experiments  planned 
for  future  space  shuttle  missions.  •  ^  ) 

y 

A  similar  emission  has  been  observed  in  photometric 
measurements  on  board  other  spacecraft  (Torr  et  al.  1977;  Yee  and 
Abreu  1982a) .  By  correcting  for  the  galactic  background  and 
filtering  out  the  airglow  emission  in  the  Visible  Airglow 
Experiment  (VAE)  measured  intensities  on  board  the  Atmosphere 
Explorer  (AE)  satellite,  Yee  and  Abreu  (1982b)  presented  a 
detailed  study  of  the  characteristics  of  the  glow  emission  at 
7320  A  and  6563  A.  They  found  that  the  most  intense  radiation 
comes  from  the  surfaces  facing  the  direction  of  motion  of  the 
satellite.  There  is  a  strong  correlation  between  the  emission 
intensity  and  ambient  atomic  oxygen  density  in  the  160-280  km 
altitude  range.  Extending  their  analysis  to  shorter  wavelengths, 
Yee  and  Abreu  (1983)  obtained  a  crude  spectral  variation  of  the 
glow  emission  and  reported  that  the  emission  has  a  diffuse  band 
or  continuum  spectrum  ranging  from  the  ultraviolet  to  the  near 
infrared,  peaking  towards  the  red  and  probably  the  infrared 
region. 
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The  processes  leading  to  the  production  of  the  glow  are  not 
fully  understood.  Yee  and  Abreu  (1982b)  attributed  the  emission 
to  collisions  of  oxygen  atoms  with  the  satellite  surface  in  which 
metastable  molecules  are  formed.  The  metastable  molecules  leave 
the  surface  and  radiate,  producing  the  spatially  extended  glow. 

The  identities  of  the  metastable  molecules  are  uncertain. 

The  hydroxyl  OH  has  been  suggested  as  a  possible  candidate 
(Slanger,  1983;  Langhoff  et  al.,  1983).  The  possibility  of  OH 
being  responsible  for  the  glow  and  whether  the  glow  observed  on 
the  Shuttle  has  the  same  origin  as  the  AE  glow  have  been  our  main 
research  subject  for  the  past  year. 

2.  Analysis  of  The  Glow  Observed  on  Dynamics  Explorer  Satellite 

Because  of  the  VAE  instrument  limitation,  only  a  crude 
spectrum  of  the  glow  was  obtained  (Yee  and  Abreu,  1983)  .  The 
spectral  variation  of  the  glow  in  higher  resolution  is  necessary 
to  establish  the  OH  hypothesis  or  to  identify  the  excited  molecules 
producing  the  glow.  We  have  analyzed  the  data  from  the 
Fabry-Perot  Interferometer  (FPI)  on  board  the  Dynamic  Explorer-B 
satellite  (paper  1  enclosed) . 

The  DE-B  satellite  is  a  modified  version  of  the  AE 
satellites,  and  the  FPI  instrument  is  capable  of  measuring  the 
glow  with  a  resolution  of  ~  0.018  A.  Data  obtained  by  the  FPI  in 
a  spectral  region  centered  around  7320  A  were  analyzed.  The 
spectral  region  investigated  corresponds  to  the  8-3  OH  Meinel 
band,  and  it  is  very  strong  in  the  terrestrial  nightglow  which 
peaks  in  a  layer  near  the  mesopause.  Consequently,  a  comparison 
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of  the  spectra  obtained  at  mesospheric  heights  with  those  obtained 
from  the  glow  emission  should  provide  the  necessary  information  to 
show  whether  OH  is  one  of  the  emitting  metastable  species 
producing  the  glow. 

The  results  indicated  that  the  optical  glow  observed  by  Yee 
and  Abreu  at  7320  A  on  the  AE  satellites  is  produced  by  several 
emission  lines.  The  comparison  of  the  glow  spectrum  with  the 
nightglow  OH  spectrum  provided  evidence  that  OH  might  be  one  of 
the  species  producing  the  glow. 

3.  Radiative  Lifetime  Analysis  of  the  Shuttle  Glow 

Besides  the  spectral  variation  of  the  glow,  the  radiative 
lifetime  is  another  important  parameter  in  determining  the 
identities  of  the  emitting  species.  If  the  glow  is  produced  by 
the  radiating  molecules  leaving  the  spacecraft  surface,  the 
radiative  lifetime  can  be  estimated  from  the  spatial  extent  of 
the  glow. 

A  method  of  inferring  the  radiative  lifetime  from  the 
photographic  pictures  of  the  shuttle  glow  has  been  developed 
(paper  2  enclosed) .  From  an  analysis  of  the  AE  data,  Yee  and 
Abreu  (1982b)  obtained  an  upper  limit  of  103  cm  for  the  product 
of  the  radiative  decay  time  and  the  velocity  of  the  emitting 
species.  For  thermal  velocities,  the  corresponding  radiative 
lifetime  has  an  upper  limit  of  10“2  BeCf  which  is  consistent  with 
the  calculated  lifetimes  of  OH  Meinel  band.  The  lifetime 
obtained  by  analyzing  the  shuttle  glow  pictures  can  determine 
whether  the  same  excited  molecules  are  responsible  for  the 
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Shuttle  glow. 

By  examining  the  extent  of  the  glow  from  the  photographs,  we 
have  obtained  a  characteristic  decay  length  of  20  cm  for  the 
Shuttle  glow,  equivalent  to  a  radiative  lifetime  probably  lying 
between  0.3  and  1.3  msec.  This  is  much  shorter  than  the  OH 
Meinel  band  radiative  lifetimes,  suggesting  that  some  other 
excited  species  besides  OH  is  producing  the  Shuttle  glow. 

The  intensity  of  Shuttle  glow  is  also  estimated  by  comparing 
it  with  the  airglow  feature  seen  at  the  limb  of  the  earth  in  the 
picture.  We  find  that  the  maximum  glow  intensity  is  about  three 
times  more  intense  than  the  airglow,  giving  for  the  Shuttle  glow 
an  estimated  intensity  of  about  750  kR  and  a  production 
efficiency  of  2.5  x  10-6  photons  per  one  atomic  oxygen  impact  in 
the  visible  range  of  the  spectrum. 

4.  Mechanism  Leading  to  the  Production  of  the  Excited  molecules 

The  processes  leading  to  the  production  of  the  glow  are  not 
fully  understood.  We  have  suggested  that  metastable  molecules 
are  created  by  the  impact  of  atomospheric  oxygen  atoms  with  the 
spacecraft  surface  through  either  direct  impact  excitation  or 
surface  chemical  reactions.  An  alternative  theory  has  been 
proposed  by  Papadopoulos  <1984)  who  suggests  that  plasma 
interactions  produce  suprathermal  electrons  and  ions  which  excite 
the  ambient  gaseous  and  surface  materials.  Thus,  the  magnitude 
of  the  ambient  plasma  density  controls  the  intensity  of  the  glow 
intensity.  We  therefore  extend  our  AE  data  analysis  to  daytime 
observation  of  the  glow  and  compare  the  intensities  observed 
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during  periods  of  solar  minimum  and  solar  maximum  when  the 
ambient  plasma  densities  were  relatively  larger  (paper  3 
enclosed) . 

Our  study  indicated  that  the  ratio  of  the  glow  intensity  and 
the  ambient  atomic  oxygen  density  increased  through  the  lifetime 
of  the  satellite  which  covered  the  increasing  phase  of  the  solar 
cycle.  The  increase  of  l/n(0)  with  time  appears  not  to  be  a 
consequence  of  the  enhancement  of  ambient  plasma  activity.  No 
significant  increase  of  glow  intensity  was  found  as  the  satellite 
moved  from  nighttime  to  daytime  although  the  plasma  density 
increased  by  almost  one  order  of  magnitude.  The  increase  of 
l/n(0)  with  satellite  lifetime  indicates  that  collisions  with  the 
atmosphere  caused  modifications  in  the  satellite  surface. 

The  plasma  theory  of  Papadopoulos  is  not  consistent  with  the 
characteristics  of  the  glow  observed  on  the  AE  satellite. 

However,  the  AE  satellite  may  be  too  small  in  size  to  initiate  a 
plasma  controlled  glow  phenomenon  and  our  conclusions  may  not 
apply  to  the  glow  observed  on  the  Shuttle. 

5.  Summary 

Our  research  on  the  spacecraft-environment  induced  glow  for 
the  past  year  can  be  summarized  as  follows: 

1.  The  OH  Meinel  band  seems  to  be  a  plausible  candidate  for  the 
AE  and  DE  satellite  glow. 

2.  The  radiative  lifetime  of  the  emitting  species  deduced  from 
the  Shuttle  glow  is  shorter  than  that  of  the  OH  Meinel  band, 
indicating  that  OH  may  be  excluded  as  the  species  responsible 


for  the  Shuttle  glow  at  least  in  the  visible  region  of  the 
spectrum. 

3.  The  plasma  alternative  model  suggested  for  the  Shuttle  glow 
cannot  explain  the  characteristics  of  the  AE  glow. 

4.  The  AE  glow  production  efficiency  increased  through  the 
satellite  lifetime,  indicating  a  possible  modification  of  the 


satellite  surface. 
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ABSTRACT 

The  optical  glow  induced  by  spacecraft-environment  inter¬ 
action  under  daytime  conditions  is  analyzed  using  photometric 
data  obtained  by  the  Visible  Airglow  Experiment  on  board  the 
Atmosphere  Explorer  Satellite.  Because  of  the  increased  ambient 
oxygen  density,  the  glow  is  more  intense  in  the  daytime.  The 
daytime  production  efficiency,  measured  in  Rayleighs  per  oxygen 
atom,  is  similar  to  the  nighttime  value.  No  dependence  of  the 
glow  intensity  on  the  ambient  plasma  density  was  found.  The 
production  efficiency  increased  with  time  throughout  the  duration 
of  the  spacecraft  in  orbit. 
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FIGURE  CAPTIONS 


Figure  1:  Observed  l/n(0)  at  7320  &  (a)  and  6563  A  (b)  as  a 
function  of  time  or  orbit  number. 

Figure  2:  (a)  Background  corrected  results  of  7320  A  intensity 

as  a  function  photometer  zenith  angle. 

(b)  Optical  glow  brightness  as  a  function  of  angle  of 
attack . 


Figure  3:  Altitude  profile  of  the  glow  intensity  versus  the 
ambient  atomic  oxygen  and  electron  densities. 
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The  plasma  theory  (Papadopoulos  1984)  is  not  consistent 
with  the  characteristics  of  the  glow  observed  on  the  AE  satellite. 
However,  the  AE  satellite  may  be  too  small  in  size  to  initiate  a 
plasma  controlled  glow  phenomenon  and  our  conclusions  may  not 
apply  to  the  glow  observed  on  the  Shuttle. 
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leighs  of  glow  emission  from  hundreds  or  thousands  of  Rayleighs 
of  airglow  emission,  the  statistical  variances  in  the  results 
are  large.  The  atomic  oxygen  density  in  the  daytime  averaged 
over  the  time  of  observation  was  about  a  factor  of  1.56  larger 
than  the  night-time  density.  The  ambient  electron  density  in  the 
daytime  was  about  one  order  of  magnitude  larger  than  the  night¬ 
time  density.  The  small  increase  of  glow  intensity  in  the  daytime 
may  be  plausibly  attributed  to  the  enhanced  atomic  oxygen  density 
and  is  apparently  unrelated  to  the  ambient  plasma  density. 

2.3  Glow  Intensity  Altitude  Profile: 

Figure  3  gives  the  altitude  profile  of  the  glow  intensity 
at  7320  $  along  with  the  measured  number  densities  of  atomic 
oxygen  and  electrons.  It  shows  that  above  160  km,  the 
glow  intensity  is  governed  by  the  atomic  oxygen  density  and  is 
not  affected  by  the  activity  of  the  ambient  plasma  environment. 

III.  CONCLUSION 

We  have  found  that  the  ratio  of  the  glow  intensity  and 
tne  ambient  atomic  oxygen  density  increased  through  the 
lifetime  of  the  satellite  which  covered  the  increasing  phase  of 
the  solar  cycle.  The  increase  of  l/n(0)  with  time  appears  not 
co  be  c.  consequence  of  the  enhancement  of  ambient  plasma  activity. 

No  significant  increase  of  glow  intensity  was  found  as  the  satellite 
moved  : rom  night-' ime  to  daytime  although  the  plasma  density  increased 
by  almost  one  order  of  magnitude.  The  increase  of  I/n (0)  with 
-;j'i  ti_.  1  i  ..  to  lifetime  indicates  tnat  collisions  with  the  atmosuhore 
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period.  All  the  data  obtained  earlier  (Yee  and  Abreu  1932a, b) 
referred  to  night-time  orbits  for  which  a  special  technique  was 
used  to  separate  the  galactic  background  brightness  from,  the 
glow  brightness.  The  existence  of  dayglcw  emission  as  well  as 
the  brighter  zodical  light  makes  the  analysis  of  the  soacecraft- 
enviror.ment  induced  glow  in  the  daytime  more  difficult. 

In  analyzing  the  daytime  data,  we  first  subtracted  the  galac¬ 
tic  background  brightness  obtained  from  the  zodiacal  light  and 
diffuse  star  brightness  maps  generated  by  Abreu  et  al.  (1982). 
Figure  2a  gives  the  corrected  results  for  circular  orbit  7974 
for  a  satellite  solar  zenith  angle  between  18.3°  and  20.0° 
and  plots  them  as  a  function  of  photometer  zenith  angle.  The 
crosses  represent  the  forward-looking  data  obtained  when  the  photo 
meter  was  looking  into  the  ram  direction  and  the  dots  represent  th 
backward-locking  data.  Because  the  zodiacal  light  is  intense 
within  60°  of  the  sun,  data  with  zenith  angles  less  than  60° 
are  not  useful. 

The  backward-looking  data  contain  only  the  airglow  emission 
and  are  free  of  any  interaction-induced  glow  (Yee  and  Abreu, 

1932a, b).  If  we  assume  that  the  airglow  brightness  is  symmetric 
around  the  photometer  zenith  (which  should  be  the  case  at  solar 
zenith  minimum) ,  the  glow  intensity  can  be  obtained  by  subtracting 
the  backwa rd- look i nc  data  f r^m  the  forward-looking  data. 

The  results,  averacrod  over  every  3°,  are  slotted  in 
F i cure  2b.  mhe  nicht-time  data  are  shown  for  comparison.  It  is 
cb'-ir  that  ‘  be  clew  in t*'1  nr. i tv  in  the  daytime  is  larger  than  in 
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provides  an  opportunity  to  examine  the  variation  of  the  glow 
intensity  with  solar  activity. 

Yee  and  Abreu  (1982b)  analyzed  12  orbits  of  night-time 
VAE  data  at  7320  &  taken  during  the  first  two  years  of  the 
AE-E  mission.  They  reported  that  the  ratio  between  the 
observed  glow  intensity  and  ambient  atomic  oxygen  density 
increased  by  a  factor  of  2  during  the  two  years  of  low  solar 
activity  and  attributed  the  increase  to  the  difference  in 
orbital  type,  elliptical  or  circular  orbits.  Yee  and  Abreu 
(1982a)  had  reported  the  existence  of  the  glow  during  solar 
maximum  periods  while  the  satellite  was  at  altitudes  near 
430  km.  Figure  la  shows  the  observed  ratio  of  the  intensity 
I  at  7320  %  and  the  number  density  of  atomic  oxygen  N (O)  as 
a  function  of  time  or  orbit  number.  It  shows  that  regardless 
of  satellite  orbital  type,  l/n(0)  increases  with  time  along 
with  the  increase  in  solar  activity. 

O 

Figure  lb  presents  the  results  for  6563  A.  Because  of  the 
lack  of  data  beyond  orbit  number  11000,  no  information  under 

high  solar  activity  conditions  was  obtained.  The  6563  A  data 

o 

show  similar  behavior  to  the  7320  A  data  in  that.I/n(0) 
increases  with  time. 

2.2  '.'ight-time  and  Daytime  Variation: 

T.'.o  low  inclination  of  the  AF-E  satellite  permitted  the 
icquisitior.  of  a  complete  diurnal  set  of  data  in  an  orbital 
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a  diffuse  band  or  continuum  spectrum  ranging  from  the  ultra¬ 
violet  to  the  near  infrared,  peaking  towards  the  red  and 
probably  the  infrared  region. 

The  processes  leading  to  the  production  of  the  glow  are 
not  fully  understood.  Yee  and  Abreu  (1982b)  suggested  that 
the  glow  is  created  by  the  collision  of  oxygen  atoms  with  the 
satellite  surface  on  which  metastable  molecular  species  are 
formed.  The  metastable  molecules  leave  the  surface  and  radiate, 
producing  the  spatially  extended  glow. 

An  alternative  theory  has  been  proposed  by  Papadopoulos 
(1984)  who  suggests  that  plasma  interactions  produce  suprathermal 
electrons  and  ions  which  excite  the  ambient  gaseous  and  surface 
materials . 

In  the  present  study  we  extend  the  analysis  to  daytime 
observations  of  the  glow.  We  compare  the  intensities  observed 
during  periods  of  solar  minimum  and  solar  maximum  and  we  deter¬ 
mine  the  changes  in  the  glow  intensities  as  the  satellite  moves 
from  night-time  to  daytime.  We  demonstrate  that  the  glow 
intensity  is  not  correlated  with  the  ambient  electron  density. 

2 .  AE-SATS1LITE  GLOW 

2.1  Solar  Activity  Variation: 

The  AE  satellite  was  a  self-fueled  spacecraft  and  the  on¬ 
board  propulsion  system  allowed  the  satellite  to  remain  in 
orbit  for  several  years.  The  AE-E  satellite  was  launched  in 
late  1975  and  re-entered  in  1980.  The  lifetime  of  its  mission 
covered  the  Lrcr casino  chase  of  the  oronent  solar  cvc  1  ?  21  and 
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The  spacecraft-environment  induced  optical  glow  has  brought 
wide  attention  since  the  phonographs  from  the  third  Space  Shuttle 
mission  indicating  that  the  crbiter  glows  in  the  dark  were 
released  (Banks  et  al.1982) •  The  emission  is  a  potential  optical 
contanu-.ant  in  astronomical  and  aeronomical  experiments  planned 
for  future  space  shuttle  missions. 

A  similar  emission  has  been  observed  in  photometric  measure- 
menus  on  coard  other  spacecraft.  Torr  et  al.  (1977)  noticed 
some  enhancements  in  the  airglow  intensities  below  170  km  measured 
by  the  Visible  Airglow  Experiment  (VAE)  on  board  the  Atmosphere 
Explorer-C  satellite  (Hays  et  al.  1973)  which  they  attributed  to 
some  form  of  interaction  between  satellite  and  the  ambient  atmos- 
pnere.  Yee  and  Abreu  (1982a)  later  reported  observation  of  the 
glow  at  7320  A  an  altitudes  greater  than  400  km  during  solar 
maximum  conditions. 

By  correcting  for  the  galactic  background  and  filtering  out 
the  airglow  emission  in  the  VAE  measured  intensities,  Yee  and 
Abreu  (1982b)  presented  a  detailed  study  of  the  characteristics 

0  o 

of  the  glow  emission  at  7320  A  and  6563  A.  They  found  that  the 
most  intense  radiation  comes  from  the  surfaces  facing  the  direction 
of  motion  of  the  satellite.  There  is  a  strong  correlation  between 
the  emission  intensity  and  ambient  atomic  oxygen  density  in  the 
1 0 C  -  2  ", C  km  altitude  range.  Extending  their  analysis  to  shorter 
wive  length:; ,  You  ur.u  Abreu  (x9S3)  obtained  a  crude  spectral 
var  ;.ition  of  the  glow  emission  and  reported  that  the  emission  has 
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Fig.  1  Nighttime  photograph  of  the  STS 
payload  bay.  The  5377  A  airglow  emis¬ 
sions  from  the  100  km  level  of  the 
Earth's  atmosphere  are  visible  in  the 
back, -round.  Vehicle  glow  i.  seer,  above 
the  surfaces  of  the  vertical  stabilizer 
and  the  engine  pod. 
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system  Fig.  2  Geometry  used  to  calculate  the 

spatial  distribution  of  the  excited  mo¬ 
lecules  responsible  rcr  the  clow. 


:.r  i'uv<-  ion  func- 

i  r.  e  eoho’-i- 

.  '  ■:  Theorem,  the 
o'  :;side  the 
i  s  .  but  ion 


r-  c€  radiative  decay 
led,  taking  the  for"' 


ace  between  P '  and 
ovi  c.  ‘•hat  fir  velo- 
-’ey in.  from  ?  to 
■oir.t  r '  car. 


■  '  V  clVs  i  n  id  Od 5 . 


inverse  of  the  lifetime. 


It  varies  with 


the  orientation  of  the  spacecraft  surface 
to  the  streaming  ambient  atmospheric  parti- 
clesl''*.  Hence  the  source  distribution  f 
(?,V)ot  the  surface  may  not  be  a  spatially 
uniform  function  and  in  performing  tlie  in¬ 
tegrations  the  dependence  of  the  angle  of 
incidence  must  be  considered. 


For  a  flat  spacecraft  surface,  however, 
the  angles  between  the  surface  normal  and 
the  velocity  vector  are  the  same  everywhere 
at  the  surface,  giving  rise  %o  a  spatially 
uniform  source  function  f(P,V).  From,  the 
Shuttle  glow  picture  of  figure  1,  it  appe¬ 
ars  that  the  right  side  of  the  stabilizer 
was  facing  the  streaming  ambient  particles 
when  the  picture  was  taken  and  a  flat  sur¬ 
face  can  be  adopted  for  our  analysis. 


EXAMPLE  FOR  A  SPACECRAFT  SURFACE 
WITH  A  SQUARE  CROSS  SECTION 


Before  analyzing  the  Shuttle  glow  pic¬ 
ture,  we  consider  as  an  example  a  space¬ 
craft  surface  of  square  cross  section  of 
dimension  L.  The  number  density  of  ‘he 
excited  nolecui ps  at  point  P 1  is  calculated 
in  ‘  .  <  iso  f  ii  m 
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r  l  j .  3  Curves  of  constant  number  den¬ 
sity  above  the  surface  of  a  square  cross 
section. 


.  1  1  ci 
f  i  cci 
e  z 
u  r  a  o 


o  s  o 


angle.-  subtended  by  the  surface,  mo- 
by  the  radiative  lifetime  t .  On 
axis  where  x  =  0  and  y  =  0,  if  the 
teristic  decay  length  is  long  corr- 
to  the  dimension  of  the  spacecraft 
,  the  number  density  is  controlled 
solid  angle  term  and  decreases  like 
If  ‘  <  L,  the  number  density  de- 
s  with  z  with  an  e- folding  distance 
to  the  characteristic  decay  length. 
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Fig.  5  Calculated  line  of  sight  inten¬ 
sity  spatial  distribution  for  different 
viewing  angles. 


Figure  4  shows  the  calculated  line  of 
sight  intensities  for  various  choices  of  Z 
as  viewed  along  the  x-axis.  By  comparing 
the  calculated  spatial  variation  with  the 
one  observed,  we  can  infer  the  characteris¬ 
tic  decay  length  of  the  excited  molecules. 
The  results  we  have  presentee  are  all  given 
on  a  relative  scale.  The  absolute  e-folding 
distance  deduced  from  the  shape  of  the  ob¬ 
serve...  spatial  distribution  gives  rise  to 
different  characteristic  decay  lengths  for 
different  sizes  of  the  spacecraft  surface.! 

The  spatial  distribution  of  the  inten¬ 
sity  is  predicted  to  depend  strongly  on 
viewing  direction.  Figure  5  shows  the  cal¬ 
culated  results  at  four  different  viewing 
angles  for  the  case  of  I.  =  L.  The  maximum 
line  of  sight  intensity  decreases  as  the 
viewing  angle  increases  and  the  glow 
appears  to  extend  to  a  farther  distance  as 
if  a  longer  radiative  lifetime  were  in¬ 
volved.  Consequently,  in  analyzing  any 
measured  spatial  distribution  of  the  glow 
intensity  to  infer  the  magnitude  of  : ,  the 
viewing  direction  as  well  as  the  s.zc  and 
the  >h..pe  of  tne  spacecraft  must  be  con- 
s i dereu . 
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As  demonstrated  in  Figure  10,  we  found 
that  the  best  agreement  is  obtained  when 
the  characteristic  decay  length  is  chosen 
to  be  20  cm.  In  this  case  the  observed 
and  the  calculated  intensities  have  a 
linear  relationship  except  in  very  intense 
and  low  exposure  regions.  The  relationship 
is  very  similar  to  the  granular  density  and 
log-exposure  curves  of  the  Kodak  SO-489 
film  (Figure  11,  courtesy  of  Kodak)  used  in 
this  photogragh.  The  film  developing  tech¬ 
niques  and  the  system  gain  adjustment 
during  the  imaging  processes  may  have  dis¬ 
torted  this  cr.uracter istic  curve  from  the 
one  we  obtained.  If  we  assume  that  the 
excite^  molecules  are  in  thermal  equili¬ 
brium  with  the  Shuttle  surface  and  leaving 
it  with  a  speed  of  300  m  sec*1,  a  charac¬ 
teristic  decay  length  of  20cm  gives  a  time 
constant  for  radiative  decay  of  0.67  msec. 


IV.  DISCUSSIONS  AND  CONCLUSIONS 


I 


Recent  photometric  and  photographic 
observations  have  revealed  the  presence  of 
induced  optical  emissions  over  the  surface 
of  the  spacecraft  due  to  the  interaction  of 
the  spacecraft  and  the  ambient  atmosphere. 
It  is  believea  that  radiative  emission  from 
some  unknown  excited  molecules  formed  on 
the  spacecraft  surface  are  responsible  for 
the  observed  luminosity.  In  this  paper  we 
present  a  method  to  infer  the  radiative 
lifetime  of  the  excited  molecules  by 
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The  luminosity  sensitivity  of  the  SO-489 
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and  tne  ictuai  glow  intensity.  An 
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Fit.  10  The  same  as  Figure  9  except 
for  ■  -  20  cm. 


29 


. "1 

- ,  4  0 

-.5  8 

Exposure  0  wj'm  ‘  *'.?  sp.; 
Process  •‘•iicesi  »Nf-  ' 

-  3  6 

Densr*ometry  >•  ’’  is  A 

-*  .>  o 

LOG  EXPOSURE  ;!ui-sec) 


Fig.  II  The  characteristic  log-exposure 
curves  for  Kodak  “0-489  film. 


analyzing  the  spatial  distribution  of  the 
observed  intensity.  We  demonstrate  that 
the  observed  intensity  spatial  distribution 
depends  upon  the  shape  and  site  of  the 
spacecraft  surface,  tr.e  spacecraft  orien¬ 
tation,  and  most  important  of  all,  the 
radiative  decay  lengtn  of  the  excited  mo¬ 
lecules  . 


3y  examining  the  extent  o*'  the  alow 
from  the  photographs,  we  ofc‘  r.  a  charac¬ 
teristic  decay  length  of  2C  for  the 
Shuttle  glow,  equivalent  to  a  radiative 
lift  time  of  approximately  0.67  msec  if  we 
assume  the  excited  no  ..ecules  are  in  thermal 
equilibrium  with  the  surface.  The  radi¬ 
ative  lifetime  is  an  important  parameter  in 
determining  the  identities  of  the  emitting 
excited  molecules  ar.d  their  formation  pro¬ 
cesses.  The  photometric  data  analysis 
suggested  that  the  OH  Meinel  band  system 
is  responsible  fjr  the  clow  observed  on  the 
AF  sa  tel  1 r  ten  • ’  ind  i  high  resolution 
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intensity  is  approximately  three  times  more 
intense  than  the  5577  A  airglow,  giving  for 
the  Shuttle  glcw^an  estimate  of  30kR  if  we 
assume  the  5577  A  airglow  limb  intensity  is 
on  the  order  of  lOkR  .  From  our  theoreti¬ 
cal  calculation  a  line  of  sight  column 
intensity  of  30  kR  corresponds  to  a  maximum 
volume  emission  rate  of  7  x  10&  photons 
cm“3sec-l  or  a  number  density  of  4.7  x  103 
cm--  at  the  surface.  The  incoming  flux  of 
atomic  oxygen  at  the  Shuttle  altitude  is 
about  1.4  x  lO-*--  atomscm~^sec”^,  so  that 
the  production  efficiency  is  1.0  x  10“ ' 
excited  molecules  per  impacting  oxygen 
atom.  The  actual  efficiency  could  be 
higher  because  only  visible  photons  were 
recorded  and  some  fraction  of  the  excited 
molecules  may  radiate  in  the  infrared. 


Laboratory  experiments  are  underway  to 
examine  the  surface  glow.  It  should  be 
noted  that  the  magnitude  of  the  effect  de¬ 
pends  strongly  on  the  size  of  the  space¬ 
craft.  In  the  laboratory  small  surfaces 
are  exposed  to  the  streaming  oxygen  atems 
and  detection  of  the  glow  will  require  a 
long  integration  time.  We  estimate  that 
for  a  square  surface  10  cm  in  size  an  ex¬ 
posure  time  approximately  30  times  longer 
is  needed  to  obtain  the  glow  intensity  ob¬ 
served  on  the  Shuttle. 


The  technique  presented  in  this  paper 
also  enables  us  to  predict  the  spatial 
distribution  of  the  glow  for  different 
orientations  of  the  Shuttle  and  estimate 
the  degree  of  contamination  for  proposed 
astronomy  and  aeronomy  experiments  to  be 
carried  on  future  Shuttle  missions. 
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Int  roduct ion 


I 1 .  Descrip t ion  of  Instrument 

The  Fabry -Perot  interferometer  on  Dynamics 
Explorer-B  is  a  remote  sensing  instrument  designed 
mainly  to  measure  the  temperature,  meridional  wind 
and  density  of  metastable  0(*S)  and  0(*D)  atoms  and 
the  0+(?T))  ion  in  the  thermosphere.  A  detailed 
description  of  the  instrument  has  been  given  by  Hays 
et  al.  [1981],  Killeen  et  al.  [1983],  and  Killeen 
and  Hays  [1983]. 


Tf.e  charac  teristics  and  spectral  variation  of 
the  optical  gi<.v  induced  by  spacecraft-atmosphere 
:  o 1 1  .  dot  Lon  have  been  recently  described  by  Yee  and 
:  '1^82,  1953;  using  photometric  data  obtained 

•  .  Visible  Airglow  Experiment  (VAE)  on  board 

•  ■  Air . -sphere  Explorer  satellites  [Hays  et  al. , 

.  * 7  i .  .  TLeir  data  showed  that:  1.)  the  most  intense 
r\»d:  at  come >  from  surfaces  facing  the  direction 
f  motion  of  the  satellite;  2)  the  contamination 
-•  a  ..  u:s.d  or  continuum  spectrum  vhi^h  is  brighter 
- •  i r .1  :  red;  and  3)  there  is  a  strong  correia- 

:  .  a  m-tct-.T,  emission  intensity  and  oxygen  atom 

i  i  v  in  t  •  .e  io0-230  km  altitude  range.  Yee  and 
*  •  ■e.gested  cnat  the  glow  is  produced  by  mole- 

•  ..  wbicn  ar  formed  and  ejected  from  the  sat  el 
V  :.e  surface  in  a  metastable  state  after  surface 

;  .i”t  :  l  les  undergo  chemical  reaction  ordireci  impact 
.wlision^  wits:  Incoming  0(  :P)  atoms  at  the  satel- 
iite  vc.'Xuy  (  8  km  sec“‘).  Later,  based  on  the 
area:  sr-o  tr.il  distribution  and  the  radiative 
.  i:-'t.nn'  deduced  by  Yee  and  Abreu  (^5  nsec)  Slanger 
A  K  j  [  sh/vtd  t  .at  lLo  OH  Meinel  Dands  are  a  t  on- 
...It-  identification  for  the  A£  satellite  glow.  He 
reposed  that  Cri  is  produced  by  the  interaction  of 
-  ev  0(  atom.-,  and  adsorbed  water  and/or  C-H  bonds 
.  n  tr.t  satellite  const  ruct  ion  material.  So  far, 
wever,  n  spectroscopic  measurements  have  been 
parted  wmch  confirm  this  hypothesis. 

Iht  Dynamic  Explorer-B  spacecraft  is  a  modified 
ve r -.ion  of  the*  Atmosphere  Explorer  spacecrafts, 
w  .c p, iv  load  included  a  high  resolution  Fabry -Perot 
e  r  fe  ri-rr.t  t  e  r  (?TI)  designed  to  measure  tempera- 
and  wind,  ;n  the  thermosphere.  Given  the 
aritv  between  the  spacecrafts,  we  have  used 
r<  ,  t;or  d.ita  obtained  by  the  FPI  in  a  spec- 
■  r  *  1  regii-ti  centered  around  7320A  in  order  to 
v;  i*  further  evidence  concerning  the  nature  of 
•*»  •  r  s  prod  ing  the  optical  glow.  The 

■  i.ii  t'i>'  i  f :  r.  to  be  investigated  corresponds  to 
.*  n-  '  Hr-  or.ir  ,i-'n  band.  This  emission  is  also 
••■r.  strong  m  the  terrestrial  nightglov  producing 
:  irr-v  emission  la  *er  wnich  peaks  in  the  upper 

r  •  ;  .  Consequently,  a  comp  a  r  1  son  of  spectra 

t.i.u-d  <i t  mesospheric  heights  with  those  obtained 
-it  satellite  altitudes  ('-230  km)  should  provide  :i»e 
r.i- r!  rv  ; for  .a  t  ion  to  show  viu-cn.  r  *»ri  i  on»*  oi 
t  ;•  'O  .  ;  lira'  ir.itus  table  speoies  produi.ng  toe 

(  up>  fith(  Affirm  «n  liwitulr  Af  rnn*'ili« «  «n(J 
VirnniniKN  Int.  IWU  At)  fight >  rrvrvrd 


The  measurements  are  made  with  a  high  resolution 
Fabry-Perot  etalon,  which  performs  a  wavelength 
analysis  on  light  detected  from  atmospheric  emission 
features  by  spatially  scanning  the  interference 
fringe  plane  with  12  concentric  ring  detectors.  The 
scar,  is  linear  i..  wavelength,  covering  a  spectral 
range  equal  to  0.C1796A  per  detector  channel  at 
7320A.  The  number  of  free  spectral  ranges  focused 
on  the  detector  is  1.0135  at  this  wavelength.  Thg 
spectral  region  for  analysis  was  selected  by  a  1CA 
halfwidth  interference  filter  centered  at  7320A. 

The  etalon  and  detector  parameters  of  interest  are 
summarized  in  Table  1. 


Table  1  Parameters  of 

Interferometer 

1.  Free  Spectral  range 

0.z;:h5A  (7320A) 

2.  Fraction  of  the  : ree  spec¬ 
tra.  -mge  on  detector 

1.0135  ( 7 320X) 

3.  Detector  anode  structure 

12  concentric  rings 
equal  area  anodes 

4.  Spectral  range  per  anode 

0.01796A  (7320A) 

A  sequential  altitude  scan  performed  by  a  com- 
mandable  horizon  scan  mirror  provides  the  spatial 
information  at  sixteen  tangent  heights  beiow  the 
orbit  of  the  satellite.  Figure  1  is  a  schematic 
which  shows  the  detector  position  relative  to  the 
velocity  vector  of  the  spacecraft,  as  well  as  the 
range  of  tangent  altitudes  scanned  by  the  mirror. 

The  altitude  scan  was  limited  to  the  angular  region 
from  5  to  15  degrees  below  the  local  horizon,  with 
a  field  of  view  of  0.9  degrees  (half-cone  angle). 

The  sensitivity  of  thi  instrument  was  determi ned 
in  a  pro  -flight  calibration  to  be  .04  counts/Ray- 
leigh-sec.  For  this  analysis  the  sensitivity  was 
also  determined  by  an  in-flight  calibration  using 
the  davtime  thermospheri c  0+(-P)  emission  at 
7319.079/.  and  7320. 154A.  The  production  and  loss 
processes,  as  well  as  the  reaction  rates  involved  in 
the  calculation  of  the  volume  emission  rate  of  this 
emission  are  well  known.  The  sensitivity  was  then 
t-  s.  c  ima  t  e-i,  from  a  tin  -retic.il  calculation  of  t  lie 
brightness  (Abren  et  al.,  1980)  and  simultaneous 
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.  ...  ■  1*.  .  ;  ..ui  wj.'  vi rosier  irian  35  degrees  at. 

■  ..  .a:..:..  I:  l:.i  sateilito  wa^  r.ov- 

.  .  .  .  i  *  .  a.it.i  wt  i c  ro  1 1* «: t v cs  i !  tnc  u^soxut t* 

-  :  ::  -.a-nc  t  i latiii.dc  was  greater  th  on  40 

-agrees  at  :  e  tangent  height.  "he  above  con- 
jtrar.'a  i  :i  .red  that  data  were  not  contaminated 
-  oavtir.e  ,  r  nigh  iati  tudt-  auroral  emissions. 

The  x;:  prominent  ..feature  in  one  spectral 
rar.i-  or  interest  (7320A  i  IOAj  in  the  night  air- 
.  .  are  the  vibration  -  rotation  transitions  in 
i ..e  -reuni  c -ectror.it  lever  e:  OH.  The  excitation 
;  ces-  :-'r  this  en.is-s  i  or.  is  generally  assigned  to 

H  a-  Q-  0H(  X*  ■-  ,  v)  +  Op 

,  a  ti I  *  s  an  o  X  -  . .  i  e  t  ,  1  j  > o  i  .  I  r.  get.er<ii  ,  C tie  On 
o..s  .or.  ect..r.i  in  a  thin  layer  which  peaks  around 
•  on.  The  widi  .  el  the  layer  is  c :  the  order  of 
.1  or.  a:  .-.ai:- intensity  [Watunube  et  al.  ,  1981 1. 
based  on  the  morpnoiogy  c:  the  nightglcw  just  pre- 
.ser.ted,  ur.e  would  expect  trie  observed  spectra  Delow 
155  r.r,  tn  be  thui  of  OH,  while  those  above  155  km 
to  be  rite  s:  ectra  ef  ti.e  contaminant  glow.  This 
.■.■pc thesis  will  be  investigated  further  in  this 
.da  n-sis. 

A.  The  Contaminant  Clew  spectrum 

A  spectrum  of  the  emission  above  155  km  has 
..-t.ta.nec  b  averaging  ap;  r  mutely  6000 

. . :  i  .me  <ctra  with  tangent  heights  up  to  x  225 

r.r...  the  average  satellite  altitude  was  253  km. 

The  pc.r:;r.  is  presented  in  Figure  3.  The  spectra 
,,..c  .0  >.  ■  t  irtated  dark  count  rei.tovv;;  and  were  normal¬ 

ize';  :  remove  ir.t e rci.annel  sensitivity  differences, 
.he  net:  ttive  counts  shown  :r.  Figure  3  are  due  to 
an  imperfect  knowledge  o:  the  dark  count. 
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One  may  wo nee r  if  the  observed  spectrum  is  that 
of  the  contaminant  glow  or  if  it  is  instead  trie 
spectrum  of  the  night  glow  in  the  thermosphere. 
Evidence  that  it  is  the  former  is  proviced  bv  the 
fact  that  the  same  spectral  shape  and  intensities 
are  observed  at  all  mirror  positions  with  tangent 
heights  above  155  km.  Further  proof  is  provided  by 
comparing  the  photometric  intensity  observed  here 
with  the  7319-iOA  brightness  of  the  glow  observed  at 
250  km  by  Yee  and  Abreu  [1981]  using  data  from  the 
YAE  photometers  on  the  Atmosphere  Explorer  satel¬ 
lites.  The  photometric  brightness  is  obtained  bv 
adding  the  counts  from  each  detector  ana  multiplying 
the  resulting  counts  by  the  calibration  factor.  The 
brightness  thus  obtaineu  is  '-2C  Kavleigns,  Inis  is 
in  good  agreement  with  the  7319— 2wX  contaminant 
emission  observed  at  250  km  by  Yee  and  Abreu.  Con¬ 
sequently,  we  conclude  that  the  spectrum  observed 
above  155  km  fcv  the  Fabry-Perot  interferometer  is 
that  cf  the  contaminant  glow,  and  that  the  photo¬ 
metric  brightness  observed  by  Yee  and  Abreu  on  trie 
AE  satellites  is  not  a  continuum,  but  is  produced  by 
the  emission  lines  of  one  or  more  species  which 
remain  to  be  identified.  For  this  purpose  we  will 
next  consider  the  OH  spectra  measured  below  155  km. 

B.  OK  Spectra 

Figure  4  shows  OH  spectra  at  different  tangent 
heights  obtained  during  orbit  8058.  The  intensity 
of  each  spectrum  as  a  function  of  altitude  is  con¬ 
sistent  with  the  presence  of  a  narrow  layer  which 
peaks  at  '-80  km.  Below  this  altitude  the  spectra 
consists  of  two  distinct  emission  lines  which  peak 
on  channels  4  and  9,  respectively.  Above  80  km,  the 
two  lines  come  closer  and  they  seem  to  converge  at 
approximately  92  km.  The  apparent  convergence  of 
the  two  lines  is  due  to  a  field  of  view  effect, 
which  comes  about  when  the  thin  emission  layer  is 
viewed  from  above  by  the  12  channel  detector.  Under 
these  circumstances  each  channel  in  the  detector  has 
a  different  field  of  view.  The  di f ferent  intensi t ies 
observed  by  the  detector  channels  cause  the  distor¬ 
tion  observed  in  the  spectra.  The  distortions  are 
greater  in  the  outer  channels  of  the  detector.  In 
order  to  correct  the  spectra  it  is  necessary  to 
effect  a  deconvolution  for  each  detector  channel,  of 
the  signal  as  a  function  of  altitude  with  the  field 
of  view  of  the  particular  channel.  The  large  uncer¬ 
tainties  in  the  data,  however,  limit  the  accuracy  of 
the  inversion  process  and  the  recovered  spectra  are 
not  free  of  distortions.  We  have  effected  the  decon¬ 
volution  of  the  spectra  shown  in  Figure  4  and  have 
averaged  the  spectra  from  tangent  heights  equal  to 
62,  72  and  82  km,  after  being  normalized  to  their 
respective  photometric  brightness  (area).  The 
resultant  spectrum  is  shown  in  Figure  5.  Spectra 
from  the  topside  of  the  emission  layer  were  not 
averaged  because  the  effect  of  the  field  of  view  is 
most  significant  in  that  region.  It  should  be  noted 
that  the  separation  between  the  two  spectral  lines 
observed  is  approximately  5  channels.  Laboratory 
measurements  of  the  8-3  band  of  OH  have  identified 
two  lines  at  7318. 268A  and  7318. 337A  [Coxon  and 
Foster,  1982].  These  two  lines  would  appear  4  Chan¬ 
nels  apart  on  the  FPI  detector,  so  there  is  a  high 
probability  that  these  are  the  two  emission  lines 
observed  here.  The  absolute  wavelengths  of  these 
two  lines  are  not  known  to  the  accuracy  necessary 
predict  their  relative  position  to  the  0+(‘,P)  7320A 
line  on  the  FPI  detector. 
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Figure  5  A  comparison  of  the  OK  nightgl..-w  and 

the  contaminant  glow  spcctrum.  iho  con 
t'i:r.inar:t  glow  spec  tram  has  been  °hi:tc 
by  the  component  of  the  satellite  v\  I  v 
itv  along  the  line  of  *ighi. 


TV.  Conclusion 


Hi"  ontaninut icn  spectrum,  normalized  to  the 
T-iynt'Crh  brightness  is  also  shown  in  Figure  5. 
o  ->  “ .  idf:d  -ir.'-i  indicates  cK  statistical  uncer- 
"  Inty  in  t measurements .  b  j  r.ce  the  OH  emission 
t  rum  is  doppler  shifted  by  the  component  of  the 
•atelite  velocity  (u7.8  km/sec)  along  the  line  of 
"  i  g  t.  we  have  shifted  the  contamination  spectrum 
y  t  * ,  same  ’mount  for  comparison  purposes. 

“h  sv.apn  of  the  c mtarinant  spectrum  from 
v'  ■  '*  through  12  a/ree*  veil  with  that  of  the 

H  ;;  r  rum.  ,.iis  fact  ’.one''  confidence  to  the 

■.  5  i.  t  a  r  r'l  is  t'  •:  c am  •.  nan  t  s:  ecies.  The 
r- .  .  :  :  1 1  •  jt .  u v*;  v*_  r ,  ‘  -  ■  *  '.cnal. 

•  •  •'  :r  sm.  7\ « •>  -nil.1  be  ar.>t  u-r  OH  line  or 
ci  *  f  re  f  -  on  other  \i  though  *-*r 

sr-v  ;  i  i  >•;  civ  pr-'v*  t  ?  .at  f'H  is  are  o c  trie 

■  -  du  trie  -f  *«,  t  data  nr- -sorted  here 
;  ■ .  -  v  •  a .•  »»  a  d en ce  t o  •,  ;.s  ef  f  e  :  t  -  One  nho ul d 
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Data  from  the  Fabry-Ferot  interferometer  or. 
board  the  DE-B  satellite  have  been  use!  to  -how  tht 
the  ^ontaminant  glow  observed  by  Yee  and  Ahrou  at 
7320A  on  the  AE  satellites  is  produced  by  emission 
lines  of  one  or  more  species.  A  comparison  of  the 
contaiTiinant  spectrum  near  7320A  with  the  night  glow 
OH  spectrum  obtained  below  15'  km  has  provided 
evidence  to  the  effect  that  OK  night  ho  one  -if  the 
species  producing  the  glow. 
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